The pathological processes that develop in the heart with ageing are numerous. One of these processes is mitral ring calcification (Fertman and Wolff, 1946; Geill, 1951) . It occurs frequently and has been variously ascribed to rheumatic disease, rheumatoid disease, and endocarditis of various aetiologies; it is more generally regarded as an endstage degenerative disorder similar to the Monckeberg type of aortic valve calcification.
In a study of adult hearts we have found that calcification in the region of the mitral ring occurs more frequently than is generally recognized, and that in many hearts the site of calcification is mainly in the subvalve angle or recess of the mitral valve and not in the true valve ring. Our studies have shown that this type of calcification occurs in organizing thrombi which can be demonstrated in the subvalve recess.
SUBJECTS AND METHODS
In the course of a study of cardiac calcification , 194 hearts were examined in a consecutive series of necropsies, excluding cases under the age of 20.
For the radiological examination of the hearts, the ventricles were opened anteriorly close to the ventricular septum, and at least one radiograph was exposed with the left ventricle spread open. This view has the advantage that the mitral and aortic valves are clearly shown, and displays the subvalvular recess so that it is seen along its whole length. The hearts were examined macroscopically, and pathological abnormalities noted, with special reference to the valve and valve ring. Standard blocks were taken for microscopy, including at least one section through the posterior cusp of the mitral valve, with adjacent left atrial and left ventricular myocardium.
Using these methods, 24 hearts from the 194 (12 4%) were found to have calcification in the region of the mitral valve ring (Table) . Radiology revealed several cases of early calcification, which had not been discovered at Received April 16, 1968. 684 routine necropsy. Of these 24, 22 had calcification in the mitral subvalve angle. ANATOMY Normal Anatomy of Mitral Valve and Ring. The mitral valve consists of two thin, tough, pliable leaflets, the anterior and posterior, which are attached at their base to the mitral annulus. They are held in position by three groups of chordae tendineae (Brock, 1952) . The first and second groups are inserted into the papillary muscles, the first arising from the cusp margins and the second from the ventricular surfaces just proximal to the margins; the third group, which are only present on the posterior cusp, run from the left ventricular wall to the cusp just distal to the junction between cusp and ring. Indeed some are merely fibrous folds with no hiatus, rather than free-running chordae.
The mitral ring is part of the fibrous skeleton of the heart, and must be considered in relation to it. The mitral ring is attached to the left and right fibrous trigone, and from it arise the bundles of ventricular myocardium which interweave to form the ventricular walls. The annulus is usually divided into two parts: the antero-medial part forming one-third, and a postero-lateral portion forming two-thirds of the ring. The antero-medial portion gives origin to the anterior mitral cusp and also to part of the aortic valve ring, though separated by an intervalvular septum (Du Plessis and Marchand, 1964 ). The postero-medial part gives origin to the posterior cusp. The mitral valve has an important relation to the left ventricular outflow tract (Walmsley and Watson, 1966) . The posterior cusp lies in relation throughout its length to the postero-lateral wall of the left ventricle; whereas much of the anterior cusp forms the lower posterior wall of the aortic outflow tract (Fig. 1) . 
PATHOLOGICAL FINDINGS
A more detailed analysis of the clinico-pathological association will be published elsewhere, but the more pertinent results will be described here. There is very marked association between mitral subvalvular calcification and left ventricular hypertrophy; this latter was usually (but not in all cases) the result of hypertension, and did not seem attributable to mitral valve dysfunction.
Of the 17 women with mitral subvalvular calcification, 4 had clinically diagnosed diabetes mellitus, and since there were only 7 cases of diabetes among the women in the series, this means that more than half of the female diabetics showed mitral subvalvular calcification. It is of interest that in 2 of them the major portion of the calcification was within the true annulus and there was only minimal involvement of the subvalve angle. Out of the total of 24 patients, 6 (including 2 with diabetes) had pulmonary emboli, associated with various other conditions such as the post-operative state and rheumatic heart disease; 4 (including 2 with diabetes) had associated cerebral or cerebellar infarction. There was no increase in the incidence of rheumatic heart disease above that found in the rest of the series. Only 1 patient showed evidence suggestive of a previous bacterial endocarditis; this was in the tricuspid valve where there was scarring and thickening of the cusp with focal calcification.
From the continuous series 24 patients with mitral ring calcifications were collected, 17 women and 7 men. Additional cases have been examined and reviewed and they support the findings in this series. The age distribution as compared with the general series is shown in the Table. The Table also gives the incidence expressed as a percentage of the post-mortem population, showing a much increased incidence with age; more so than has been previously reported.
The calcification was identified radiologically and its size and distribution were recorded. No attempt was made in this survey to search for sites of microscopical calcification (Sell and Scully, 1965) . The lesion was graded into two groups, mild and severe; the mild group involved only a portion of the pos- terior ring, and the severe showed a solid bar of calcification at least involving the whole of the posterior ring. There were no cases of severe calcification in men.
The calcification noted radiologically develops in the subvalve pocket anywhere along the junction between cusp and wall. It is usually covered by endocardium but even when small in extent it is in close relation to the ventricular cavity. It may involve up to a third of the extent of the posterior ring as a thin plate of calcium, but frequently before it is as large as this it shows nodular excrescences jutting out into the ventricular cavity (Fig. 4) . Where it comes into contact with the third group of chordae it may extend along these for a few millimetres. The calcific deposit can increase in size until it forms a solid bar up to 2 cm. in diameter extending round below the posterior cusp and ending usually abruptly at the lateral commissure. In 3 of the 5 cases showing severe calcification the calcific bar extended round the lateral commissure and involved a small portion of the anterior cusp at the point where there is a recess from the main outflow tract. This recess has been well shown by Walmsley and Watson (1966) , whose Fig. 2 shows that the anterior part of the anterior cusp curves at right angles to the main outflow.
It is difficult in the early stages to determine the exact site of calcification, whether it is within the valve ring or whether it is occurring in thrombosis; and, where there is calcified tissue in both places, to identify which has been involved primarily. It is undoubtedly true that calcification to a greater or lesser extent can occur within the true valve ring, and the calcification can be so extensive as to be visible through, and to lift up, the endocardium of the left atrium. Similarly, it can extend to involve the interventricular septum (which is in direct continuity with the mitral annulus); it may penetrate and extend into the myocardium of the left ventricle; and it can (when it becomes a thick bar in the subvalve angle) become adherent to and partially involve the posterior cusp of the mitral valve.
However, in the present series only two hearts showed a strip of calcified tissue sufficiently thin to be classified as involving the annulus alone. In only one of these cases did the calcification spread to involve structures other than the subvalve angle. In the remaining 22 cases there was prominent involvement of the subvalve angle, and of these, 7 showed extensive spread to other structures.
In one of our cases with massive calcification there were numerous thrombi adherent to the inferior surface of the calcific bar, and many of these (including one large pedunculated thrombus) showed calcification occurring within the thrombi and separated from the main calcific mass (Fig. 5 The post-mortem x-ray film (Fig. 8) may occur as the result of thrombus deposition, so that the process is of an accretive nature rather than a true degenerative disorder. Thus, there is an analogy with the thrombogenic theory of atheroma (Duguid, 1946; Crawford and Levene, 1952) . In the stenosing type of atheroma the surface of the thrombus becomes endothelialized and the thrombus undergoes hyalinization and sometimes calcification. We have not been able to find any previous report showing that subvalvular thrombus occurs, though Hudson (1965) suggests it as a possibility. The site of the subvalve calcification is one where stasis of blood might occur. Stasis will not occur in the outflow tract of the left ventricle. It has been suggested that the posterior cusp of the mitral valve often moves only slightly during systole and diastole, and that the anterior cusp performs most of the closure of the mitral valve surface (Brock, 1952) , which may be an element promoting stasis in the subvalve angle of the posterior cusp.
It has been shown (Sell and Scully, 1965) that, with age, changes occur in the mitral valve ring, with accumulation of lipid and microscopical foci of calcification. It may be that these age changes in the subendocardium are a necessary precursor, and that they act as a focus for the deposition of thrombus. But such histological changes can also occur in thrombi in atheromatous plaques, and in thrombi occurring on the mitral valve cusps in mitral stenosis (Magarey, 1949) . In our opinion, many of these changes occur outside the original fibrous valve ring, in thrombi, and the valve ring can increase in size through incorporation of these thrombi. In only two of our cases did it seem possible that the calcification was entirely restricted to the ring with no subvalve extensions. In both these cases there was no left ventricular hypertrophy and the calcification was short and only involved part of the posterior cusp ring.
Our findings offer an explanation for the incomplete circle of calcification which occurs; intrathrombal calcification cannot occur where the subvalve angle is absent at the aortic outflow tract. Previous authors have described the shape as an arc, U, C, or J shaped, and all say that only rarely is a complete circle seen. We have not been able to find an illustration of a case showing a complete circle of calcification.
Various theories have been proposed to explain this; one such (De Oliveira, 1943) suggested that collagen degeneration (as a precursor to calcification) did not occur in the anterior ring because it was more cellular. Yater and Cornell (1935) have pointed out that the lesion occurs at the point of maximum stress and strain in the left ventricle, and they thought that decreased blood supply might be an important factor in its genesis. In the present series there is a significant association of subvalve calcification with left ventricular hypertrophy; increased stress is probably an important aetiological factor. Davis and Kinmonth (1963) showed that contraction of the circumference of the mitral annulus occurred over the lateral aspect and not in the region of the aortic root or fibrous trigone.
Thrombi can develop within the cardiovascular system if there is endothelial damage, if there is stasis of blood, or if there is an alteration in the clotting mechanisms. There is probably little stasis in the left ventricle in the normal heart, but it may be that with dilatation and incomplete emptying thrombi can develop in the subvalve angle. If the mitral ring dilates when the heart enlarges, the excursion of the mitral cusps must increase. This might tend to tear the fibrous chordae tendineae of Brock's third group, and thus cause focal endothelial damage, on which platelet deposition might start.
Various other theories have been advanced on the aetiology of mitral valve ring calcification. It cannot be correlated with coronary artery sclerosis (Simon and Liu, 1954) . The preponderance of women in all the published series has given rise to the suggestion that there may be an endocrine basis.
Because of the reported association with senile osteoporosis (Ipsen, 1934; Geill, 1951) , it has been suggested that mobilization of calcium may result in the deposition of calcium in the mitral valve ring and other organs; but it has been shown that the serum calcium and phosphate levels are not altered in osteoporosis so this is probably a fortuitous association. Martens (1932) has emphasized the frequent occurrence of hyperostosis frontalis and calcification of intervertebral discs in association with mitral annulus calcification. Several of the cases described by Rytand and Lipsitch (1946) had raised plasma proteins and cholesterol.
It may be relevant that in the present series there is a greatly increased incidence of diabetes. Though many of our cases showed intravascular thrombotic lesions of various types, such as pulmonary embolism or cerebral infarction, these were probably terminal events occurring in association with heart failure or as a post-operative complication.
As calcification in or near the annulus is so frequently unrecognized until after death, we must assume that mild degrees produce little or no symptoms. However, when it becomes more severe and develops into the subvalvular type which we are describing, then valvular dysfunctions can develop. Systolic murmurs concomitant with mitral incompetence have frequently been noted to occur as the result of a rigid dilated mitral valve ring (Simon and Liu, 1954) . It has been shown (Kantrowitz, Hurwitt, and Herskovitz, 1952; Davis and Kinmonth, 1963 ) that a sphincteric action of the mitral ring contributes to effective closure of the mitral valve; and obviously rigidity through calcification would interfere with such an action. The possibility of calcification in this region causing mitral stenosis has been considered rare but has been clearly demonstrated (Korn, DeSanctis, and Sell, 1962) . This arises as a result of the calcified bar narrowing the mitral orifice. The cusps may be thickened and partially incorporated. If patients have calcification severe enough to cause stenosis they may also have an incompetence, due to the loss of sphincteric contraction.
The calcification in addition to occupying the subvalvular area can also spread to involve the interventricular fibrous septum and, if extensive enough, the ventricular myocardium. This extension of calcification within the heart to adjacent structures is well recognized .
Two aspects of this subvalvular calcification are unexplained. The first problem is its predilection for the left ventricle; it has never been described in the right ventricle. This most probably is related to the greater stresses and pressures that are sustained by the left ventricle. The second problem is to explain why the mass calcifies. It is well known that atheromatous plaques may undergo calcification as also do thrombi; but the bar of new "tissue" in the mitral subvalve angle, though having a rim of hyaline acellular tissue, is almost completely calcified. Thrombi in the subvalve angle are attached to a relatively avascular valve ring and are subject to a widely fluctuating pressure. It can only be assumed that thrombi in this site, being subject to variable pressures, are more prone to calcify.
Using a combined pathological and radiological approach we found that calcifications in the region of the mitral valve ring were shown more frequently than previous observation had suggested. In 194 hearts at necropsy there were 2 cases with calcification confined to the mitral valve ring. In 22 instances calcification was present in the mitral subvalve angle, and occurred in relation to thrombosis at this site. The associated clinical findings are described.
